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Component Group:  Oxidizer Turbopumps Preparad: . Abezamy
ZIL Kem; Bav0-03 Approvad: T. Mguyen
Component Low Pressure Daidizor Turbopump Appraval Data: 6709
Part Number: RE007H01 Changs #: z
Fallura Mode: Fretting of inlemel pars. Diracifve 2 CCE0 MEZ-01-5214
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DE=IGN
Component Group:  Oxidizer Turbopumps Preparad: C. Abgeamls
CiL Itern: aE0g-08 Appraved: T. Nguyen
Compongrt: Low Pressure Oxldlzer Turhcp Ui p Approval Date: 67798
Part Number. RSOTED Change #: g
Fallum Made: Frelflrg of Intamal parls. D Irective 3 CCED MERO1-5214

Papm: 1ol 4

Cesign f Ogcument Asfarance

FAILURE SAUSE:  A: Relativa motion of: Slaave, Housing. !

{1} SLEEVE
{21 HOUSING

THE SLEEWVE [1} 15 PILOTED BY THE HDUSING (Z} INLET TUNNEL BY AN INFERFERENCE FIT THAT |3 ENHANCED AT CRYDOENIC TEMPERATURES, THE SLEEVE IS K-MGNEL WHILE
THE HOUSING 1S TEMS-5Q ALLIMIMUM. THE HOUSING SURFACES ARE CHROMIC ACID AMODIZED §2). THE SEEEVE IS FRESSED INTO THE TUMMEL DMIRING FABRICATION AND 18
FiNAL BORE MACHINED WHILE INSTALLED IN THE HOLSING. THE MTERFEREMCE FIT SURFFUED BY THE HOLISIMG AND THE DIFFERENTIAL HARDNESS AND MATERIALS AT THE
MTERFARCES WWILL MIMIMIZE FRETTING.

{1] REDO7E02-05%; {2} RE0OT 502
FAILURE CAUSE: E: RelaHve motion of: Inducen'Spling, RotenSpling, Nuk, Loshwasher,

{1) INDUXCER/S PLINE
(2] ROTORISPLINE
13 HUT

14] LOCKVWASHER

THE INQUCER {13 IS FILOTED BY THE ROTOR () AND 1S RETAINED BY A MUT (2) AND LOCKWASHER (4]. THE INALIGER AND ROTOR ARE KIAOMEL, THE NUT IS 4785, THE
LOCKWWASHER IS 302 CRES. THE ROTOR PILOTS FOR THE INDUCER ARE CHROME PLATED FOR HARDNESS ¢1]. DRY-FILM LUBRICATION 15 UTILIZED ON THE ROTOR FILGTS AHE
THREADS [2), AND THE MUT (3], BUT FiAL TOROWUE 15 SPECIFIED (%), THE COMPRESSION SUPPLIED BY THE NUT, THE INTERFERENCE FIT BETWEEH THE ROTOR AND THE
INDUCER, THE DIFFERENTIAL HARONESS AND MATERIALS AT THE INTERFAGES, AhD THE USE OF PRY-FILM LUBRICATION WILL MK MIZE FRETTING.

(1) BRS007R4 2; (2) RSONTEAS; (3) RS0OTA2S; (4) RS04TE30; (5) RS007EO
FAILURE CAUSE: £:Relatlhve motion ol: Pump End Bearing, Rotar, Ratalner hul, Lockwashar.

{1] PUMP END SEARING
{2) ROTOR

{3) RETAINER MLIT

() LOCKWASHER

THE PLIP END BEARING {13 INNER RAGE 1S PILDTED BY THE ROTOR (2] AND IS RETAINED Y A NUT (31 4ND LOGHYASHER (4). THE EEARING INNER AND GUTER RACES ARE 440C
CRES. THE ROTOR IS K-MONEL. THE NUT IS A-286 CRES. THE LOCKWASHER IS 302 CRES THE RCOTOR PILOT FOR THE BEARING JOURKAL IS CHRDME PLATED FOR HARDHESS
(Z). GRY-FILM LUBRICATION IS UTILIZED ON THE ROTOR THREADS ANMD BEARING JOURNAL (2}, AND THE NUT(3) MUT FINAL TORGLUE IS SPEGIFIED {51, |HE COMPRESSION
SUPPLIED BY THE NUT, THE HHTERFERENCE FIT BETWEEN TME BEARING RACE AND THE ROTOR, THE BIFFERENTIAL HARDNESS AND MATERIALS AT THE IMTERFACES, AND THE
LUBE OF DRY-FILM LUBRICATION WILL MINRAIZE FRETTING.

(1) RSAD7831; (2} RSA0TA0E, (3) REQOTRIT, {4) REDOTE2A: (5) RSOO7AD
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Component Grou: Cxldizer Turhapumps Prapared: G Abesamls

CIL ftarm: Bacn-Hg Approved: T. Hguyen

Component: Low Pressure Oxldizer Tirhopump . Approvel Date: 87190

Fart Humber: R3007801 ' Charige #: 2

Fallure Mads: Frotting of intamal parts, Diractlve # CCan MEX-M-5214
Fage: 2of 4

Deskgn f Document Reference

FAILURE CAUSE: [ Relative motfon of: Fump End Bearny, Sopport, 3him, Spacer, Hut, Lockwashar.

{1) PUMP END BEARING .

{3 SLIPRORT ' '
{3] SHIM

{4) SPRING

{4) DEFLEGTOR

THE PLRAF END BEARING [1) OUTER RACE 1S PLOTED BY THE SUPPGRT 133 AND 1S RETAIMED TISHT AGAINST THE SUPPORT SHOULDER, ALONG WHTH & TWO SHIMS (3 AND &
EPRING (1), AND |5 SECURED M PLACE BY THE DEFLECTOR {5). THE BESRING RACES ARE 440C CRES, THE SUPPORT AND DEFLECTOR ARE INCONEL 718, THE SHIMES AND THE
SPRING ARE INCOLOY 903. THE BEARING JOURNAL OGN THE SUPPORT 1S CHROME PLATED FOR HARDHESS [2). DRY-FILM LUBRICATION IS UTILIZED ON THE JOURNAL {2 THE
COMPRESSION SUPFLIED BY THE SUPPORT {2 AND THE DEFLECTOR (5, THE CHFFERENTIAL HARDNESS AND MATERIALS 4T THE INTERFACES, AND THE USE OF DEY-FILI
LUBRICATION WILL MININIZE FRETTING,

1) ASO07A3): (2¥FRO3ISTS; (1) ROIISTE (4) ROAISTH, [F) ROIAATY
FALURE CAUSE: E: Rolalive motion of: Support, Norrin, Houalng, Prezsurs-assistad Seal, Oxldizer Soal, Balts, Lodowas hars.

{1 SLUPPORT
{7 NOZZLE

{3} HOUSING

(d) FORWARD PRESSURE-ASSISTED SEAL
{5) OXIDIZER SEAL

{5) BOLTS

(7§ LOCKWASHERS

{8) DEFLECTOR

THE SUPPORT (1) IS PILOTED BY THE DEFLECTOR (8}, WHICH IN TURN IS PILOTED BY THE NOZZLE {2), WHICH IN TURN IS FL.OTED BY THE HOUSHIG [3. A TEFLOMN COATEDVACE
TR FORWARD PRESSURE-ASSISTED SEAL (4} 1S UTILIZED BETWEEN THE NOZZLE ANO HOUSING . THE ORIDIZER SEAL (53 15 PILOTED By THE DEFLECTOR AND NQZZLE. THE
BEARING SUFFORT FACKAGE ANDNDZZLE IS EECURED T THE HOUSING 8Y 30 BOLTS [B) AND LOCKIWASHERS {7). THE SUPPORT, DEFLECTOR, FORWARD PRESSURE ASS STED
SEAL. AKD NDZFLE ARE IMCONEL 718. THE HOUSING IS TEMS-50 ALUMINUM. THE OXIDIZER, SEAL IS SAVER. THE BOLTS ARE A-286 CRES. THE WASHERS ARE 131 CRES THF
HOUSING SURFACES ARE CHROMIC ACID ANOIZED (3). THE PRESSURE- ASSISTED SEAL 1S TEFLON COATED (4}, DRY-FILM LUBRICATION |5 UTILIZED ©ON THE SUPPORT BEARING
JOURNAL, THE DEFLECTOR £ILOT DIWWMETERS, AND THE BOLT (€). B0LT FINAL TORQLUE I3 SPECIFIED {9). THE COMPRESSION SUPPLIED EY THE MULTIPLE BOLTE THE
DIFFERENTIAL HARDMESS AMD MATERIALS AT THE INTERFACES, AND THE USE OF GRY-FILM LUSRICATION YWILL MININIZE FRE TTIRG.

{F] ROZISYY, (21 ASDOT BT, {3) RE0CFA0E, (d) hpaﬁiﬂd; (S} READTALG; (B) RS007A32; (7Y MSSEBLY, (§) RO33574; () RS007 B0
FAILURE CAUSE: F: Relativa motion af: AFT Pressure-sasizted Seal, Nozzie, Houing, Becking Ring.

(11 AFT PRESSUHE-ASHSTED SEAL

(M HOZZLE

|3 HOLISING

(4} BAGRING RING

AFT FRESSURE-ASSISTED SEAL ()45 USED T PREVENT LEAKAGE BETWEEN THE NOZZLE {2} AND HOUSING 13] AND 15 RETAINED BY A BACHKING RING (4], THE SEAL IS IRCONEL X-
750. THE HOQUSING 5 TENS-50 ALUMIMUR. THE NOZZLE AND RING ARE INGOMEL 718 THE HOUSING SURFACES ARE CHROMIC ACID ANCDIZED (15, THE SEAL IS BILVER PLATED
41} THE COMPRESSION SUPPLIED BY THE SEAL ACTUATION AND THE DiFFERENTIAL HARDMNESS AND MATERIALS MSED AT THE NMTERFACES WILL MINIMIZE FRETTING.
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Compon wp: Ouidizar Turbopuemps Prepared; G. hhosa

CiL [lem: BROR-0% A o T

Campoment: Low Preseure Qxidizer Turbopump ﬁ:::::] bmﬂ- w’:&we'

Fort Humber: REODFAMH . Change 2: I 2

Failure Mode: Fratting of inlernal parls. ) CHrg Tt CCBD ME3.01-5Ma
Page: 3of 4

Dasign ! Dacumert Referance

FAILURE CAUSE: G Relsllve motlon of: Stator, Nozzla, Hut, Locks, Houalng.

{1) STATOR
{2) NDOZZLE .
{30 NUT

() LOGKS

(5) HOUSING

THE THREE STATOR SEGMEMTS (1} ARE PLOTED BY THE NOZZLE (2) AND SECURED BY A NUT (3) AND LOCKS j4). THE NUT IS PALOTED BY THE HOUSING (8], THE NOZZLE 15
INCONEL 718, THE STATORS ARE K-MONEL. THE HOUSING IS TENS-50 ALUMINUM. THE NUT IS A-286 CRES. THE LOCKS ARE 302 CRES. THE HOUSING SUREACES ARE CHRAMIC
ACID ANODIZED [5). THE KUT IS BRYFILM LUBRICATED (3). MUT FIHAL TORGUE 15 SPECIFIED (5. THE COMPRESSION SUPFLIED BY THE MUT, THE INTERFETRENCE FIT RETWEEN
THE STATORMNOZZLE AN NUTIHOUSING, THE DIFFERENTIAL HARDNESS AND MATERLALS AT THE INTERFACES, AHD THE USE CF DRY-FILM LUBRIGATICN WILL MNIMIZE
FRETTIMG. THE STATOR VANES ARE HIGH CYGLE FATIGUE LIFE LIWITED BY MAJOR WAIVER (7).

(17 RS00780A; (2) RS007E1D; {3) RSOTE1E; (4) RE007E1S, (5) RS00TADE; (B) FS027001; {F) DAR 2545
FAILURE CAUSE: H:Ralatlve moHan of: Yane, Housing, Bolts, Lockwashars.

{13 VMANE

(2) HOUSING

(3 BOLTS

() LOCKWASHERS

THE WANE {1} 1S PILOTER BY THE HOUSING (2 AND IS SECURED BY 8 BOLTS (3) AND LOCKWASHERS (4], THE VANE 15 A-356 ALUMINUM. TIE HOUSING IS TENS-50 ALUMINUS  THE
BOLTS ARE A-285 LHES THE LOCKWASHERS ARE 301 CRES. THE HOUSING [2) AND VANE [1} ARE ANODIZED. THE BOLTS ARE DRY.FILM LUBRICATED (3) BOLT FINAL TORAUE 15
SPECIFIED {5). THE COMPRESSION SURPLIED BY MULTIPLE BOLTS, THE OFFERENTIAL HARDNESS AND MATERIALG AT THE INTERFACES, AND THE USE OF DRY-FILM LUBRICATION
WILL MINIMIZE FRETTING.

1) RSD07E11; (2) RECOTEDZ; (2) RO 1104 23314 0; {4) RS007TE 5, {5) RS0078H
FAILURE CAUSE: | Ralativa maotion of: Turhine End Baaring, Spacer Sleavi, Houoalng, Preload Spring, Shim, Fln.

{1) TURBINE END BEARING
(2) SPACER BLEEVE

(3 HOUSING

(4] PRELOAD SPRING

{6 SHIM

{61 PIN

THE TURRINE END BEARING (1] {WTER RACE 1§ P|LOTED BY THE SPACER SLEEYE (2}, WHIGH IN TURHM IS PILOTED BY " HE HOUSING (3. THE BEARIMG PRELCIAD SPRIMG (4)
PROVIDES AxlaL COMPRESSION TO THE BEARIMNG, SPACER, AND SHIM (8), A ANTIROTATION MIN {6} FREVENTS ROTATIGH OF THE SPACER. THE BEARHNS RACE 15 440C CRES,
THE SPRIMNG |15 IMCONEL 718, THE SPACER 13 347 CRES. THE SHIM 13 HICKEL 200 THE HOUSING 15 TENS-50 8 LLUMINUM. THE PIMN |5 420 CGRES. THE BEARING A0URNAL OK THE
SPAGER |5 CHROME PLATED FOR HARDHNESS (2). DRY-FILM LUBRICATION 15 UTILZED ON THE SPACER (2). THE HOUSING SURFACES ARE CHROMIG AGID ANODIZED (3] THE
DIFFERENTIAL HARDMESSE AND PAATERIALS AT THE INTERFACES, AND THE USE OF DRY-FILL LUBRICATIOM WILL MINIMIZE FRETTIMG.

{1y RSCOTALT; (2] RGOOTHZT; £2) RESO0VE0Z; (4} REQOTAZL; [5) RO0G7E2L; (6) MSI71425
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PR R IE L A R Gridirar Furbopumps Brepared: L, AbPcarhz

CIL Itam: B Q008 Approved: T. Nguyen

Component: Low Pressure Oxidizer Turb opuimp Approval Dale: 8/7/98

Part Humber: READTADN Chanpa ¥ 2

Feilure Mode: Fretting of Intfarmal parta. Direcl e & CCBD MEY-01-52 14
Praga: 40f 4

Oeslgn ! Ovcumenl Reference

FAILURE CAUSE: J: Refative mothon of: Turbine End Bearing, Rolar, Nuk, Lockwashers.

{1} TURBIME END BEARING

(2} ROTOR .

{3 NUT ‘
{4) LOCKWASHER

THE TURBINE ENDY BEARIMG 11} INNEF. RACE |5 PILOTED BY THE ROTOR (2) AND 12 SECURED BY A MUT (M AND LOCHWASHER (4. THE BEARING RACE IS 4406 GRES. THE ROTOR
AND NUT ARE K-L4ONEL. THE LOCKWASHER 15 302 CRES. THE BEARING JOURNAL ON THE ROTOR |15 CHROME PLATED FOR HARDNESS AND DRY.FILM LUBRKCATED t2). THE NLIT
THREADS ARE SHLYER PLATED {3). NUT FRNAL TOROLUE IS SPECIFIED 5. THE COMPRESSION SUPPLIED BY THE NUT, THE INTERFERENGE FIT BETWEEN THE BEARING RACE AND
ROTOR, THE GIFFERENTIAL HARDNESS AND MATERIALS AT THE INTERFACES, AMD THE USE OF ORY.FALM LUBRICATIOHN WILL MINIMIZE FRETTING.

{1 RE0GTASY, {2} AS0OTBOS; (3) REAOTAIS; (4] RED0TA2A; (5) RSOOVAD

FAILURE CAUSE: ALL CAUSES

TEHS-50 ALUMINUM, 4358 ALUMINUM, INCONEL 718, INGONEL X-750, A-288 GARES, 301 CRES, 302 CRES, 321 CRES, 147 CRES, 420 CRES, 440 URES, MICKEL 203, K-MONEL, TEFLON,
SILVER, CHROME PLATING, AND DRY.FILM LUERICATION MEET LOX COMPATIRILITY RECUIREMENTS (1), ASSEMALY PROCEDURES FOR LOCKING DEVICES EMSURE DEFECT FRES
INSTALLATION {2). REUSE OF PARTS DURING OVERHAUL ARE CONTROLLED BY THE REQUIREMENTS OF THE OVERHALNL SPECIFICATION (3).

{1)RES-8570.9, (2) RLO1323; {3) RLOI21D
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SSMEFM  CIL

INSPECTION s4D TEST
Gomponent Group: Crddizer Turbopumps Prapared; C. Abegamls
CIL Hom: BEX-08 Rpproved: T. Houyan
Component: Low Praesura Oxidlzar Turbopimp Approval Dale; T30
Fart Kumber: RSO0OTROY Change 2. 2
Fallure Mods: Freiting of Internal parts. CArective 8: CCBD MESQ1.5744
Page: faf ?
Failura Causes Slonlicant Characierlstics Inspection(s) f Testz) Cocurnent Refeence
A HOLIS HG ' RS007A02
SLEEVE RSooTan:
MATERIAL IMTEGRITY MATERIAL INTEGBRITY 15 VERIFIED PER SPECFICATION REQUIREMENTS. RBOITO-059
REBC170.054
HOUSIMG HOT ISDSTATIC PRESS 13 VERIFIED PER DRAWING AND SPECIFIGATION RS00TARZ
REQUIREMENMTS. RLON37 2
HEAT TREAT HEAT TREAT |15 VERIPIED PER SPECIFICATION REQUIREMENTS. RACS11-020
SURFACE FikISH HOLSING aMODIZING IS VERIFIED PER DRAWING AND SPECIFICATION RECLUIREMENTS. RE0OTANY
RAIEDoU003
ASSEMELY INTEGRITY HOLUSING AND SLEEVE INTERFEREMCE FIT 1S VERIFIED PER DRAWING REQUIREMENTS. RS5A0TAND
g - B I_M:IUE.ER:"SFLINE . o REOOTEID
ROTORSPLME RBIOTED5
MNUT R5J07R2%
LOCHKWASHER _ RS007830
MATERIAL INTEGRETY MATERIAL INTEGRITY I3 VERIFIED FER SFECIFICATION AND DIRAWING REQUMEMENTE, RBa10-051
REI0762%
RS007B30
HEAT TREAT INDUCER, ROTOR, AMD HUT I EEAT TREAT ARE VERIFIED PER DRAMWING AND SPECIFICAT 08 RSO07629
RECQLUIREMENTS, RACET11-020
LOCKMWASHER ANNEALING 15 YERIFIED PER DRAWARNG REQLUIREMENTS. RSCO7AXD
SURFACE FIMIZH AOTOR CHAOME PLATING IS VERIFIED PER SPECIFICATION REQUNREMEMTS. FLA1 00002
ROTOR THREAD AMD NUT DRY-FILM LUBRICATION AND BURNMISH ARE VERIFIED PER FAMHAZ0IS
SPECIFICATION REQUHEMENTS. RAC 12-007
ASBEMBLY INTEGRITY INOUCER/ROTOR MTERFEREMNGCE FIT IS VERIFIED PER CRAATNG REQUIREMENTS. RS0OOTEZ
) RSLOYEIE
20TOR AND INDUGER BALAMCE ARE VERIFIED FER DRAYIING REQUIREMENTS. RE0I7E05
RSOOTE12
HUT INSTALLATION AND TORQUE ARE YERIFIED PER DRAWING AND SPECIFICATION RSOOTHI
RECUIREMENTS, RLO1323
HUT LOCK DEFORMATION 1S YERIFIED PER DRAWING AND SPECIFICATION RECRIREMEMTS
C R PUMP ENE BEARIWG RE007431
ROTOR RES00TARE
RETAINER NUT RE&00TaZT
LOCHWASHEF. RE007A26
. F e
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b B I B IL U LS.

CIL e BAM-09

Component; Law Fressure O dizer TurRopumpe
Part Humbar: REOOTACH

Failurg Made: Frating of internal parz.,

Laond)zar | Uk purnps

Fre [TETRITH

A pproved:
Approval Date;
Cchangs %.
Oirect ve ¥

Pagw:

LR S W= W T TP
T. Hguyen

Gifia

2

CCBD ME3-01-6214

2ot T

Failure Causes

SigniNcanl Characterislics

Inspectlongy) # Teslis)

MATERIAL INTEGRETY

HEAT TREAT

SURFACE FIMISH

ASZEMELY INTEQRITY

Chocurnent Refererce

MATERIAL INTEGRITY ISVERIFIED PER SPECIFICATION AND DRAVAING RECUIREMENTS,

RACE HEAT THEAT IS VERIFIED FER SPECIFICATION REQUIREMENTS.
ROTOR HEAT TREAT |5 VERIFIED PER SPECIFICATION REQUIREMENTS,
MUT HEAT TREAT IS WERIFIED PERE DRAVING REQUIREMENTS,

HUT LOCK ANNEALING IS VERIFIED FER DRAWING REQUIREMENTS,

HUT AND ROTOR THREADE DRY-FILA LUBRICATION AN BURMISH ARE 'I.FERIFIED PER
SPECIFICATION REQUIREMENTE.

ROTOR CHROME PLATING 15 VERIFIED FER SPECTFICATION RECUIREMENTS.

BEARING MKNER AND QUTER RINGS ARE YERIFIED TO BE G'I:FF"‘LII".I"MH PER DRAWING
AEQUIREMEMTS,

HUT INSTALLATION AND TORQUE ARE VYERIFIED PER DRAWING AMD SPEGFICATION
REQUIREMEMTE,

HUT LOQCK CEFORMATION 13 YERFIEC: FER DRAMING AND SPECIFICATIDON REQUIRENMENTS.

F'L.IMP END BE#RING
SHIM

SUPPORT
DEFLECTDR
SPRING

MATERIAL INTEGRITY

HEATTREAT .

SURFACE FINISH

ASZEMBLY INTEGRITY

MATER'AL INTEGRITY 15 VERIFIED PER SPECIFICATION AND DRAWING RECQUIREMENTS.

RACE HEAT TREAT ISVERIFIED PER SPECIFICAT|ON REQUIREMENTS,

SUPPORT, SHiba, SPRING. AND DEFLECTLR HEAT TREAT IS VERIFTED PER SPECIFICATION
REQUIREMENTS,

SUPFORT CHROME PLATING IS VERIFIED PER SPECIFICATION REQUIREMENTS

SUPPORT AHD DEFLECTOR ORY - FILM LUBRICAT ION AND BURNISH ARE VERIFIED PER
SRPECIFICATICY REQUIREMENTS.

BEARING RINGS ARE VERIFIED TO BE COPLAHAR PER DRAWING REQUIREMENTS.

THE SPRING |15 CALIBRATED 4MD THE PRELDAD CHARACTERISTICS ARE VERIFIED PER DRAWING
HND SPECIFICATION REOUIREMENTS

THE QHIBA THINKENFED IRWVEDIFIEN FFR THE NOAVINS AN SEECIFICATION PEOTHREFRMERIT

RBCHEG-064
RE0OTI05
RG00Taz?
RE00TS3E
RSO0TAI

RALG11.005
RADET-02D
REDDTEZS
RE00TAZE

RAD{12.003
BADT12-007

Re1E09-002
REONFAI

RE00TAM
PLOYIZ3

REOOTEN
ROA15
FO11573
RO1IET4
ROAISTS

RBJ16C-0E4
RBO1T 133
RE01 70196
RSMHTEN

RA 1611005
FA0813-020

R 1608002

Fa0H 2003
RaQ112-007

RS007ES

RAETS
RS0078M

BennTend
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CIL Item:
Component:

Part Mumbar:
Fallure Node:

Oaldlzer Turbapismps
Ba0n-02

Low Pressura Qxid|zar Turbopump

REOOTE0A
Fretting of intarnal paris.

Preparad:
Approved:

A pproval Date:
Change §:
Dirgctlve 2:

Paga:

C, Abasar

T. Nguyai
ET0Y
2

CCED MEA-01-5214
Iaf 7

Failure Cauzae

Skignifizanl Chavacterialica

Ingprection(s) F Testie]

Documen! Referanca

0¥9-8

HOLUISING
BUPPORT
WOZALE

FORWARD PRESSURE-

ASSISTED BEAL
BOLT

LOCKWASHER
QEFLECTOR

MATERRL INTEGRITY

IIEAT TREAT

SURFACE FINISH

AZIEMBLY INTEGRITY

MATERIAL INTEGRITY 15 VERIFIED FER SPECIFICATION AND DREWING RECQLIREMENTS.

SUrPORT, DEFLECTOR, AND NOZ2LE FORGINGS ARE PENETRAMT AND LLTRASONIC INSFECTED
FER SPECIFICATION REQUIREMENTS. NOZILE 1S ALSO PENETRAMT INMSPECTED PER DAR,

MOZA E CASTING 15 PEMETRANT, AND RADIOERAPHIC INSPECTED PER SPECIFICATION
REQUIREMENTS.

SEAL ANDBOLTS ARE PEMETRANT INSPECTED PER SRECIFICATICK REGUIREMENTS.

SUFPORT, DEFLECTOR, 3EAL, AND MOZZLE FORGIMG LHEAT TREAT 1S YERIFIED FER
SPECIFICATION REQUIREMENTS.

WOZILE CASTING HEAT TREAT IS VERIFIED PER SPECIFICATION RECILIREMENTS.

BOLT HEAT TREAT |5 VERIFIED PER DREAWING RECLIREMENTS.

LOCKWASHER ANNEALIMG 15 VERIFIED PER DRAVVING RECUIREMEMTS.

ELPPOART CHROME PLATING IS VERIFIED PER SPECIFICATHIN REQILIRERIENTS.

SEAL TEFLON COATING 1S VERIFIED PER SPECIFICATIIN REQUIRENENTS

SEALIMNG SURFACE REQUIRERMENTS ARE VERIFIED FER SEECIFICATION RECUIREMENTS

SUPPORT, CEFLECTOR, AND BOLT ORY-FILM LUBRICA| DN AME BURMISH ARE VERIFIFD PER
SPECFICATICN REQUIREMENTS.

BOLT INSTALLATICN AND TORQUE ARE YERIFIED PER DRAVING AN SPECIFICATION
REQUIREMENTS

NUT LOCK DEFORMATION IS VERIFIED PER DRAWING AND SPECIFICATION REQUIRELAENTS

WOZZLE
HOLSING

AFT PRESSURE-ASSISTED

SEAL
HACKIHNG RIMG

RSo07A0Z
RO33573
RSCOFALD
RD35514
FCO7A33
MSAEED
ROZ354

RBMTI-153
RBI1T0.155
ROBEGI4
FB0170-099
RES0Y7E17
hAS08 80

RADN15-116
RAO11G-012
DAR 2256

REN170-155

RAD115116
RAE11-020

RBO170-155
RB00TE2
WS048 B0
RA1G0o002
RA 1408001
RE014-027

RAG112-003
RA{I112-007

RS007801
RLO1323

REA07R10
RS007E02
RES1275
RIOOTEZO
F
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Ceomponent Group: Ouldlzer Turbopumpa Prepared: . AbBearms
CIL Iearm; Bafg-09 Approvad; T. Nguyen
Componant; Low Prageure Dxkizer Turbopump Approve! Dale:  &fTad
Fart Mumber: RS0OTE01 Chenpa A: 2
Frilure Mods: Fretting of Imtarmi| parts, Diracthve ¥: CCBD ME1.01-5214
Paye: qef T
Falume Calses Semificant Characheristics Inspaction(s)/ Taslis) Dncurrant Referance
F MATERIAL INTEGRITY MATERIAL INTEGRITY IS VERIFIED PER SPECIFICATION AMD DRAWING REQUIRENENTS. REIFTD-153
RBATT0-155
RBOTI0.089
+ REOTH-154
REE1275
NOZZLE FORGING 15 PENETHANT AND ULTRASONIC INSPECTED PER BPECIFICATION A 15115
REQUIREMENTS. RANT 15012
MOZZLE CAETING IZ PENETRAMNT, AND RADIGGRAPHIC INSPECTED PER SPECIFICATION RB01 T0-155
RECUIREMENTS
HOUSING 1S PEMETRANT INSPECTED FER SPECIFICATION REQUIREMENTS, RAT11S-115
HEAT TREAT HEAT TREAT IS VERIFIED PER SPECIFMCATION REQLIRELAENTS. RAQE1 1020
W2ZLE CASTING HEAT TREAT 15 YERIFIEDR PER SFECIFICATION RECUREMENTS. RBO170-155
SURFACE FIMNISH HOUSING AMODIZ MG 13 VERIFIED FER SPECIFICATION REQLUIREMENTS. A 1E0EO03
SEAL BILVER PLATING {3 YERIFIED FER SPECIFICATION REQLARENENTS RATERI-Q0T
G ROZZLE RSCOTAID
STATOR RE0OTA0E
HOUSING R&SDOTE02
STATOR HUT RED)TE1A
LOCKYUASHER REQOTATD
FAATERIAL INTEGRITY MATERIAL INTEGRITY IS WERIFIED FEF. SPECIFICATION AMD DRAWING REGUIREMENTS., REO1 70153
REOITO-G21
REOAT0-06%
RE0O7E18
RSDATS1D
STATOR AND HOUEING ARE PENETRANT INSFECTED FER SPECIFMCATICH REQLIRERMENTS. RADT 15-116
NOZZLE AND NUT ARE PENETRANMT AND ULTRASOMIC INSPECTED PER SPECIFICATION RAQ1 10165
RECHHREMENTS. RA0115-116
. FA01 15012
HEAT TREAT HOUSING HOT ISOSTATIC PRESS |5 WERIFIED PER GRAVING AND SPECIFICATION RECAIREMENTS  RSI07EO2
RLOO3T2
HOZILE, STATCOR, AWND HOUSING HEAT TREAT ARE WFRIFIFD FER SPECIFICATION AND DRAWING  RADS11-020
REQUIRENMENTS. RBH 7155
RE0ATEAD
HUT HEAT TREAT IS VERIFIED PER ORAWING REQLUIREMENTS. R5007813
LOCKWASHER AMNEALING |15 YERIFIED PER DEAYIHNG FEQUIREMENTE. R5007819

SURFALE FINISH HOUSING ANDRIZING 15 YERIFED FER SPECIFICATION REQUIREMEMTS. FEA 160890003



Zre-d

ASSEMBLY INTEGRITY

HOUSING ANCIHZ NG 15 VERIFIED FER SPECIFICATION KEQUREMEMTS
BOLT DRY FILM LUBE 15 VERIFIED PER DRAWING RECQUIREMENTS.

HUT INSTALLATION ARND TORQUE ARE WERIFIED FER DRAWIMG AND SPECIFICATION
REQLIREMENTS.

LOCKWASHER DEFORMATION 15 VERIFIED FER DRAVANG AND SPECIFICATIGN REQUIREMENTS

TURBINE END BEARING
PRELOAD SPRING
SPACER SLEEVE

SHIM

HOUSING

PIN

Campone TUR: Qridizer Turbopumps Prepared: L Abhergy
CIL tam: E800-09 Apprereed: T. Nguym,
Campanenl: Low Prassurdg Oxlokzer Turbapumg Approwal Dale: BIi740
Par Number: R3ODTEDY Changea 4; 2
Fallurs Moda: Frutting of inbkernal paria. Direclfve #: CCBD ME301.524
Page: S5of ¥
Failre Cavses Bigrillcant Charactaratios Inspection(a) { Text(a) Cocument Raference
G ASSEMBLY INTEGRITY NUT INSTAELLATION AND TOROLE ARE VERIFIED FER DRAWING AND SPECIFICATION RE00TRI
REQUIREMENTS., RLO13ZE
. LOCKWASHER NEFOREMATION IS VERIFIED PER DRAWINEG AND SEECIFICATEON REQLIREMENTS.
H YANE AS007A11
HOLBING REMFa02
ROLT ROH 11-101 2-22340
LOCKWASHER RSHYE 15
MATERIAL INTEGRITY MATERIAL INTEGRITY |5 VERIFIED FER EPELCIFICATION AWND DRAWING RECUIREMENTS. RBOATR.000
REMOTaT1
RO 11104 2-3210
RI00OT815
HOUSIMG HOT ISOSTATIC PRESS IS VERIFIED PER DRAVAMG AND BEPECIFICATION REQUIREMENTS, RSMFAL?
RIQOaT2
HOUSIMG 12 PENETRANT INSPECTED PER SPECIFICATION REQUIREMENT S, RAMTE- 18
YAMNE 15 PENETRANT AND RADIQGRAPHIC INSPECTED PER SPECIFICATION HEQUIREMENTS. RADTIS116
RL12003
HEAT TREAT HOLUSHNG HEAT TREAT IS5 VERIFIEDR PER SPECIFICATION EEQUIREMENTS. FADGT1-0H0
vk HEAT TREAT 15 VERIFIED PER DRAWING REQLUIREMENTS. RE0GTR1
BOLT HEAT TREAT |5 YERIFIED PER. DRAWING REQUIREMENTS. FED131-1012-3310
SURFACE FINISH YAKNE ANCDIZING |3 VERIFIED PER BPECIFICATION FEQUIREMENTS. A1 EN3-002

RCI-1Z123 11D

RE00TACT
RLoiaz}

RSNOYAST
RSDOTAZZ
RSH7EZ
RE007E32
R5007802
MS517 1525
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CIL Item:
Component:

Part Mumbar:
Failure Mode;

il izer Turbopumps
B p0u-o8

Low Pressure Qxidizer Turbepunp

RS 00701
Fralllng of internal parta.

Freparag
Appraved:

Approval Date;

Changa #:

Qirective #:

Page:

. AbBSamug
T. Mguyen
BT

2

CCBD MEL1-5214
gof *

Fallure Cauzas

Sigpdlicant Charectershics

Inepectianis] # Testis)

Documant Relerence

MATERML INTEGRITY

HEAT TREAT

SURFACE FINIEH

ASSEMBELY INTEGRITY

MATERML INTEGRITY IS VERIFIED FPER SPECIFICATION AND CRAWIMG REQUWIREMENTS. i

RACE HEAT TREAT IS VERIFIED PER SPECIFICATION REQUIREMENTE.

SHIK ANNEALING 15 VERIFIED PER DRAWING REQUIREMENTS.

HOUSING AMND BPRING HEAT TREAT ARE VERIFIED PER SPECIFICATION REQUIREMEMTS.
APACER AWNEALIMG IS5 WERIFIED FER DRAMING REGUIREMENTS.

SPAGER BLEEVE CHROME PLATING 15 VERIFIED PER SPECIFICATION REQUIREMENTS.

SFACER SLEEYE DRY-FILM LUBRICATION ANMD BURMISH ARE YEHRIFIED PER SPECIFICATION
RECGUIREMENTS.

HOLUBING ANGDIFING 13 VERIFIEG PER SPECIFICATION AEUIREMENTS.
BEARKMGC RINGS ARE VERIFIED TC PE COPLANAR PEA DRAWING REOUIREMENTS.

GPREMING LOAD CHARACTERISTICS ARE INSPEGTED FER DRAMWING 4D SPECIFICATICH
REDUIREMENTS.

RA0T60-g54
RAJIT0-154
REO0TEZ
REanFe32
MS17525
RBJ1704051
RBI17-095
RA1300813

RAIEY1-005
R3007E32
RAOE1-Q20
R3I07E21
RaAEpI-002

AAGT1 2003
Ran1i2-037

RAIGIY-003
RS0O7LET

R3007822
Rif13z23

TURBINE EMC BEARING
ROTOR

NUT

LOCHEWASHER

RATERIAL INTEGRITY

HEAT TREAT

SURFACE FIMISH

ASSEMBLY INTEGRITY

MATERIAL INTEGRITY 1S VERIFIED PER SPECIFICATION AND DRAVWING REQUIRESMENTS

RACE HEAT TREAT |5 VERIFIED PER SPECIFICATION REQLIREMENTS.
ROTOR AN MUT HEAT TREAT IS YERIFIED PER EPEG[FIGATIG;Q RECUIREMENTS,
LOCKWASHER AMNEALING 12 VERIFIEQ PER DRAWIHG REQUIRENENTS

ROTOR THREAD DRY-FILM LUBRICATION AND EURMNISH ARE VERIFIED FER SPECIFICATION
REQUIREMENTS

MUT SILVER PLATIMG IS VERIFIED PER SPECIFICATION REQUIREMENTS.
BEARING RINGS ARE VERIFIED TG BE COPLAMNAR PER DRAWING REQLIRENMENTS.
MUT INSTALLATION AWND TCROLUE ARE VERIFIED PER DRAWING AND SPECIFICATION

RSIOFESY
FR5007EOG
RI00TEZ3
RSIO7EEL

RB0160-064
R F-01
RSCEIE3
RI0OTEZA

RAIEL M5
FLAOET 1020
REINTELA

RAG1 12003
PAN 12007

RA1E09-014
REMIFasT
REOOFAM
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CIL Itam. 8400-09 Approved: T Mguyor
Camponent, Low Fressure Qxdizar Turbopumg Approval Dale: aTrs
Fard Humber! REODTAN . Change i 2
Faltura Made: Fretting of internsl parts, _ Directiva 3+ CGBD ME-09.5534
Patga: Taof 7
Fallura Causes Gignificant Characterialics _ inapectianis) { Teslia) Dactrtnent Relarence
Al CAUSES LPOTR . R3007ROY
ASSEMBLY IMTEQRITY THE PUMP SUBASSEMBLIES ARE INSPEGTED DURIMG OWERHAUL FER SPECIFICATION RLO1219
. REQUIREMENTS. RAD115-116

INSPECTIONS INCLUDE: VISUAL, Dl'uTEHS[DHAL. PENETRANT, AND REPLACEMEMT OF USEAGE
ITEMS A5 APPLICABLE, FER CVERHA LI SPECIFICATION.

QFERATIONIPERFORMANCE 5 VERIFIED BY ENSIME BOT FIRE TESTIHG AND 2MD E & M TESTS OM ALOOGED-04

INZPECTIONS. ALOOGEE08
RLOOGEGDS
ALOJ4E1

TOROAE CHECKS ARE PERFORMED PRIGR TC EACH FLIGHT, CMRED W41BSHEID

SHAFT TRAVEL |3 FERFORMED PRIOR TGO EACKH FLIGHT (FHASE 1| AND BLACK, |). OMRSD W4 1B50.072

SHAFT TRAVEL IS PERFCRIMED PRIOR TO AMD AFTER ACCEFTANCE TESTING AND EVERY 10 OWRSD V41850027

STARTS THEREAFTER {BLOCE 1L AMD fla).

DATA FROM THE PREVIGUS FLIGHT QR HOT FIRE 1S HEVIEWED FOR PROPER TURBOPLUKIP MSFC PLH 1778

OPERATICN! PERFORMARNCE. (LAST TEST)

Faidure History: Comprehensive (3l e histary dala is manfgined in lhe Problem Repading dalabase (PRAMSPRACA|
Rekerence: NASA letter BAZMEI08 and Rockeldyns lelber AERCOTMG1.
Operational Uze: Mol Applcabla.
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SSME"™ :A/CIL
WELD +JINTS
Companent Group: Oxidizer TUrBopumps Praparad: G, Abesamis
CIL Ham: Baoo : Approved: T. Hguyen
Camponent: Low Praasure Oxldizet Tisbopump Appraval Date: LT
Part Kumber; REQDTAD Changs ¥: 2
Diractive #: CCBD MELO1-BI14
Page: 1of t
Critieal Inttial
' Faosl  Flaw Size Mol
Side Mol  Delectsble
C-amponert Baszic Part Nurnber Vilald Mumber Wedd Type  Class Aocesd HGF LGF Comments
ROTOR RSQITACS 1PLCIORT) GTAW |
ROTOR RSI07I0E 1FLEOPTY  EBW |
NOZZILE RSGoTath 1PLC EEW |
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SS5ME FMEA/CIL

FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Coomn panen? Group: Oxbdizer T .
[tem ?'Iame: i Low FressL:lTrtl;ug:Ir:ri}II;:r Turbopump ::;:l:ad:;: $ ::..:::Ts
e e el
Directiva #: CCBD MEJ.11-5214
Page: 1af 3
Baza Lina Rallohak Variance . Chanys Retienale Vatanl Dash Mumber
1. BA0Q-06, BEM]-0B EEARINGS BEARINGS ARE PROCESSED AND  LONG IERM FATIGUE LIFE OF AFARINGS 12 EXTEMDED BY BEDUCIMG THE 014, 121, 631, -

ARE PROCESSED AND
INSPECTED PER SPECIFICATION
RECQUIREMENTS (RLODIG). (ECP
00m)

2. BROG-D - GAUSE C ¢ BBOD-03
CAUZEE

THE SUPPORT IS PILOTED RY
THE GEFLECTOR. WHICH IN
TURM 1S FILOTED BY THE

M ZLE.

3 BBGD-04 CALISE A

THE IMDLKCER S REDESIGMNED
FORIEE WAITH THE LARGE
THROAT MCC, THE NEW
CESIGN DEMONETRATED
INCHEASEL FUMP CAPABILITIES
AT HIGHER FLOW!SPEED WITH
ACCEPTABLE INCREASE IM HEA(
OUTPUT.

INSFECTED PER SPECIFICATION
REQUIRENMENTS [RLOOSES).

THE SEAL IS PILOTED BY THE
EUPPORT _
THE SUFPORT |3 PILOTED BY
THE HOZ2L.E.

THE INDUCER 15 DESIGMED FOR
PHASE I BLOCK | OPERATIMG
COROITIONS

4. BBOI-06 -CAUSED, H

THE BERRING OLITER RACE 15
SECURED BY & TWO FIECE
BEARING JUFPFORT. THE
SUPPORT FEATURES A STHFF
INTEGRAL THRUET SHULDER
DCSIGHED TG REACT TO
BEARING THRUST LOADS.

S, RANO-0F - CAUSE R ¢ RAM.DB -

CALUSE |

BALLS ARE MACE FROM SILICON
HITRIDE. WHICH WILL ELIMINATE
WIEAR.

THE ATER RACE NUT SECURES
THE FUMP END BEARING OUTER
RACE T THE SUFFCRT.
PRELOAD SUPPLIED BY THE
OUTER RACE NUT REDUCES
POTENTIAL FOR FRETTING QR

GALL MG

THE BALLS AMD RAGES OF THE
BEARIMGE ARE NANUFACTHRED
LUTILIZING 4402 CRES

ALLOWABLE SIZE AKD QUANTITY OF ALLOWWABLE DEFECTS.

USE A% 1S RATIOMALE:

1. THE HiGH CYCLE AND LOW CYCLE FATIGUE LIFE CIF BEARINGS
PROCESSED PER RLO0SSA MECT £E| REQUIREMENTS,

2. THE MIMILILIM FACTORS OF SAFETY FOR BEARIMGS PROCESSED PER
RLOAS58 MEET CEI REQUIRENMEMNTS (R55-1546-15).

07, OBY 091, 104, -
111, 1412151, 161, -
181

THE PHASE M SILVER SEAL IS DESIGNED TO &E FILCTED BY THE OME FIEGE
BEARING SUPPORT.

THE PHASE [l PESIGN ADEGUATELY CONTROLS THE STACIK.UP OF THE
STATIONARY HARDWARE TO PREVENT MOTICN BETWEEN MATING FARTS,

THE PHIASE I IMDIMCER WAS CESIGNED FOR QFERATION WATH THE
STANMDARD THROAT ENGIME.

THE PHASE 1 DESIGN USING A HUT TO RETAIN THE QUTER RACE PROVWIDES
ADEQUATE CLAMPING AMND AL IGHRIENT

THE 4400 BALLS |M THE FHASE || DESIGH ARE CONMTROI 1 £ FOR WEAR AND
SrALLING BY OMRS0 AND DAR 7580

REO0TR10.021
R Sa07a01-191,
2N

R3I07A12-005
R5I07A01-20
-149

R300Ta14-015

RE00TE25-207

R EODTHME-003

RSI07am-201
1ot

RS007E31-051, 181
RSOGTEN1-201
191
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e e gt Juidizer [urbapumps

Ilem Hamu L0w Presaure Oxldizar Turbaplmp
llam Murmnber: Badd

Part Number: RSaLTH0

Preparad:
Appraved:

Approval Date:

Change §:
Directive ¥

Fage:

G, Atosar
T. Hjuya: -
arras

1

CCRD ME3-.01.5214

dof 3

Hase Line Rationale Varanes

Changs Rathanala

Warenl Dash Mumber

€ B200.01 - CALUSE ASB, BO0OC.02,
CAUSE A-D, BEM-0B CALSE O
LFOTF NOZI ES ARE LIFE
LIMITED FER DEVIATION DAR
2956

7. BHO0O-IN - CASE M

THE SHIM AMD SFREG ARE
MANUFACTURED UTILIZING
IHCOLOY 803, WHICH Was
SELECTED FOR CRYOGENIC
MECHANICAL PROFERTIES,

LFOTP WOZZLES ARE LIFE
LIMITED PER DEVIATION D4R
<142

BEM0A - CALISE K

THE SHIMS \WERE
MANUFACTURED UTILLANG
HICHEL 200,

BROD-0O - CAUSE D

THE PUMP END BEARING CUTER
RACE 15 PILOTED BY THE
SFPORT ANMD 15 RETAINED,
ALONHG WITH A SHIM, BY THE
OUTER RACE MUT.

THE FULHE EHND REARING DUTER
RACE 1§ PILDTED BY THE
SUPPORT AHND 1S RETAIMED,
TIGHT AGANGT THE SUPPORT
SHOULBER ALONG WITH SHIMS
AND SPRING, 4WD 15 SECURED
IN PLACE BY THE DEFLECTOR.

8. Baco.-0% THROUSH BROG-02
THE PUMF SUBASSEMBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQLIREMEMTS RLO1213

THE PUMFP 5UJBASZEMEBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQUIREMENTS RLODATS

PHASE Il LPOTP NOZ2ZLES ARE LIFE LIMITED PER DEVIATION DAR 2742

THE FHASE Il DESIGM SHiki MATER AL, MICKEL 200, PROVIDES ADEDUATE
FROPERTIES FOR TS FLUMNCTION.

THE PHASE H DESIGN LGING A MUT TO RETAIN THE GUTER RACE PROMIDES
ADEQUATE CLAMPING AND ALIGNMEMT.

THE RLOOATIWAS SEPECIFICALLY WRITTEN FOR THE PHASE 1 DESKZH

4. BBgU-02 THROUGH BET0-Da
AND BEM-06 THROUWGH BEX] -0
ASSEMELY INTEGRITY 15
YERIFIED FER DRAWIMG AND

ASSEMELY INTEGRITY 15
WERIFIED PER DRAWING AND
SPECIFICATION RECUIREMENTS

SPECIFICATION REQUIREMENTS  RLOODAE.

RLO1323

10. BEOO-34 FAILLURE CAUSE A -

AND B HET ROSITIVE SUCTION

HET POSITIVE SLUCTION PRESSURE REQUIREMENTS
PRESSURE REQUIREMENTS WERE SATISFIED OVER THE
WERE SATISFIED OVER THE ENTIRE OPERATING RANGE BY

DESIGN VERIFICATION TESTING
CvE-5EME-401B :

ENTIRE QPERATING RAMGE BY
DESIGN VERIFICATION TESTING
YRS 0553

THE RLOGAGDE WitAS SPECIFICALLY WRITTEN FOR THE PHASE || DESIGN

THE DVE SEME 4018 WAS SPECTFICALLY WRITTEM FOR THE FHASE 1l CESIGH

R E0OTa1n02

RIJ07a17
ASA07A01-201
-1

REI0TA0T-191,-2G1

R5a0Fea1-191,-201

RS3073a1-191 201
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Lamrponanl Grovp: Qxidizer Turbopumps Freparod: C_Ahagamin

lterm Marme: Low Frasaure Oxidlzer Turbopump A N
ltem Homhbar: BADO A:E::::::Iﬁate ;ﬁrfg;ﬂm
Parl Number; RSODTEOT . Change é: ) 1
Diractiva A: CCHD ME3- 1 -B214
Page: 3of 3
Base Ling Rallonake Varlance Ghange Ratonale Yarlanl Crash Mumber
11, BEQOH - CALUSE G .
WENT HOLES DESIGNED INTO WENT HOLES DESKGNED INTG PH4SE Il DESIGM ADEQUATELY PREVENTS PRESSURE BUILD UP RSO07816-009
THE SEAL RING STRUCTLURE ~ THE SUPPDRART STRUCTURE RS007AM-201
PREVENT FRESSURE BUILDUP ~ PREVENT PRESSLIRE BLILDUP ! 101
AND DISTORTIGM OF THE SEAL AND DISTORTION OF THE SEAL
RIMG OWTO TIE LABYRINTH RIMNG QNTO THE LABYRINTH

GEAL, SEAL.




